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* Feeding Trial 
PICKLED WHEAT IS SAFE FOR SHEEP 
. . . but it should be fed with caution, and the time of 
feeding it limited. Ceresan-pickled wheat should not 
be fed, and sheep fed on pickled wheat should not be 
slaughtered until some months after feeding has stopped. 
By J. CRAIG, M.R.C.V.S., Senior Veterinary Surgeon, and 
H. P. DWYER, Sheep and Wool Instructor 
FARMERS are often left with a surplus of pickled grain from seed wheat supplies. Many would like to feed this to their stock, but do not do so because they think 
there may be a risk of poisoning. 
This trial was designed to investigate the effects of feeding such grain to sheep. 
Until recently no information was avail-
able on the newer pickling agents, 
Fernasan and Hexabunt. Feeding trials in 
New South Wales with copper carbonate 
(Keast 1943') and in Western Australia 
with Ceresan (Shier et al. 19482), had 
shown t h a t seed t reated with either could 
be fed to sheep for prolonged periods 
without producing clinical toxic symptoms. 
MATERIALS AND METHODS 
All four grain fungicides now in common 
use were compared in feeding experiments 
at Muresk Agricultural College last year. 
These agents are:— 
Copper carbonate 
Ceresan (organic mercury compound). 
Fernasan ( te tramethyl thiuram disul-
phide-T.M.T.D.). 
Hexabunt (hexachlorbenzene, C6C16). 
The 30 sheep used in the experiment 
were cull Merino ewes, aged from five to 
seven years. These were randomised into 
10 sub-groups, each comprising three 
sheep, and were held in small pens. 
Each of the pickling agents was added 
at the s tandard rate of two ounces to the 
bushel (60 lb.) of wheat. The feeding 
levels of the pickled grain were i lb. and 
I lb. per head per day, selected because 
these were likely to be at the rates most 
favoured by graziers. The grain was fed 
twice weekly in metal or concrete feed 
troughs. Details of the nutritional t rea t -
ments of the sub-groups were: 
Per Head 
Per Day. 
GROUP 1— lb. 
<a) Copper carbonate pickled wheat i 
Oaten chaff 1J 
(b) Copper carbonate pickled wheat J 
Oaten chaff 
GROUP 
(a) 
(b) 
GROUP 
(a) 
(b) 
GROUP 
(a) 
(b) 
GROUP 
(a) 
(b) 
2— 
Ceresan pickled wheat 
Oaten chaff 
Ceresan pickled wheat 
Oaten chaff 
Fernasan pickled wheat 
Oaten chaff 
Fernasan pickled wheat 
Oaten chaff 
Hexabunt pickled wheat 
Oaten chaff 
Hexabunt pickled wheat 
Oaten chaff 
5— 
Control unpickled wheat 
Oaten chaff 
Control unpickled wheat 
Oaten chaff 
i 
l i 
i 
l i 
2 
i 
l i 
i 
i 
i i 
i 
i 
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The animals were kept under close daily 
observation until the trial ended 84 days 
later, when all the sheep were slaughtered. 
No visible carcase abnormalities were 
detected by post-mortem examination in 
any of the groups. 
Animal tissues—liver, kidneys, fat and 
muscle—were collected from every sheep 
and submitted to the Government Chemi-
cal Laboratory for tissue analysis. 
RESULTS 
Grain Consumption: 
The total amount of pickled wheat con-
sumed by each of the five main groups 
throughout the trial was:— 
Group. lb. 
1. Copper carbonate 207 
2. Ceresan 80 
3. Fernasan 223 
4. Hexabunt 240 
5. Control (unpickled) 240 
Palatability appeared to be poorest in 
the Ceresan group and it proved impossible 
to make these sheep eat the desired levels 
of pickled wheat. At most only an average 
of a | lb. per head per day was consumed, 
any amount beyond this being rejected. 
Cne ewe in the Ceresan group died 
towards the end of the trial. It was not 
possible to carry out a post-mortem exam-
ination and the cause of death is uncertain. 
This ewe had been in poor condition and 
it would not therefore be reasonable to 
conclude that feeding Ceresan was the 
sole cause of death. 
The consumption of wheat pickled with 
other agents fell between the high of 
Hexabunt and the very low of Ceresan. 
Fernasan-pickled wheat appeared to be 
quite palatable except towards the end 
of the trial when a small proportion was 
rejected. 
Body Weights: 
All groups were weighed at monthly 
intervals The live-weight variations are 
thought to reflect differences in consump-
tion caused by palatability variations. 
The mean live-weight loss for each sub-
group during the feeding trial is shown 
below:— 
1. 
2. 
3. 
4. 
5. 
Group 
Copper carbonate .... 
n „ 
Ceresan 
„ 
Fernasan 
Hexahunt 
Control 
„ 
Sub-Groap 
(a) 
(6) 
(a) 
(6) 
(a) 
(6) 
(<•> 
(6) 
(a) 
(ft) 
Liveweight 
Loss 
lb. 
16 
14 
20 
33 
11 
8 
20 
12 
8 
6 
Weight trends of all sheep throughout 
the experiment are shown in Table 1. 
TABLE 1 
LIVEWEIGHTS (taken at monthly intervals) 
Pickling Agent Grain Jan. 26 
per Day 
lb. 
Feb. 23 Mar. 22 A pi. 19 
1. Copper carbonate (a) J 
(6) i 
2. Ceresan . 
3. Fernasan 
4. Hexabunt 
5. Control 
. (") i 
-. (») I 
.(«> i 
(ft) I 
(<•) i 
(6) i 
• («) i 
(») 
lb. 
109 
98 
98 
101 
105 
104 
99 
96 
114 
106 
121 
115 
101 
105 
107 
121 
117 
102 
103 
105 
100 
113 
105 
118 
95 
105 
95 
109 
102 
119 
lb. 
96 
89 
90 
104 
96 
97 
80 
88 
105 
90 
103 
93 
86 
91 
113 
117 
107 
99 
74 
88 
90 
111 
90 
109 
94 
108 
95 
113 
102 
125 
lb. 
97 
83 
87 
95 
88 
88 
69 
80 
101 
85 
96 
90 
83 
90 
109 
107 
103 
100 
78 
87 
85 
100 
93 
115 
86 
95 
83 
104 
91 
118 
lb. 
94 
80 
82 
100 
85 
85 
Died 
80 
103 
80 
78 
80 
85 
88 
106 
109 
107 
100 
73 
85 
87 
88 
93 
119 
87 
96 
87 
102 
95 
117 
Tissue Analysis: 
The Government Chemical Laboratory 
analysed organs from all groups for toxic 
substances likely to have been supplied by 
the pickled wheat. The results are shown 
in Table 2. 
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TABLE 2 
TOXIC RESIDUES IN BODY TISSUES 
Copper Carbonate (expressed as Copper)— 
1 (o) 1 (6) Control 
Liver 720 p.p.m. 600 p.p.m. 430 p.p.m. 
Muscle n.d. 12 „ 8 
Kidney n.<L 16 „ 12 „ 
Fat n.d. 4 4 
Ceresan (Mercury)— 
2 (a) 
liver 92 p.p.m. 
Muscle n.d. 
Kidney 12 „ 
Fat n.d. 
Fernasan (T.M.T.D.)— 
3 (a) 
liver .... .... .... n.d. 
Muscle n.d. 
Kidney n.d. 
Fat n.d. 
Sexabunt (H.C.B.)— 
4 («) 
Liver .... .... .... n.d. 
Muscle 190 
Kidney n.d. 
Fat 330 
p.p.m. = parts per million. 
2(6) 
80 p.p.m. 
0-2 „ 
100 
1-6 „ 
3 (6) 
0-4 p.p.m. 
0 
0 
0 
4 (6) 
210 p.p.m. 
550 
210 
880 
Control 
0 
0 
1-3 p.p.m. 
0 
Control 
n.d. 
n.d. 
n.d. 
n.d. 
Control 
190 p.p.m. 
90 
210 
260 
n.d. =* not determined. 
DISCUSSION 
These trials confirm the basic safety of 
feeding pickled wheat to sheep, at least 
over a period of 12 weeks. 
Weight losses occurred in all five groups, 
and were lowest in the control group and 
greatest in the Ceresan group; it appeared 
that low palatability of Ceresan pickled 
wheat was the reason for high losses 
in Group 2. 
The mean weight losses in other pickled 
wheat feeding trials were not as high as 
those experienced at Muresk. Keast re-
ported a 5 lb. weight loss over four months 
in his control group and a 6£ lb. weight 
loss in his copper carbonate group; whilst 
Shier et al, recorded a t 14.2 lb. loss over 87 
days in their control group and a 10.5 lb. 
loss in thei r Ceresan group; in the latter 
trial the sheep were said to be disinclined 
to eat the pickled grain only during the 
first seven days of feeding. 
Under the Public Health Act Food and 
Drug regulations certain metal tolerances 
have been prescribed as a permissible 
minimum in foodstuffs offered for sale for 
human consumption. The level for copper 
is 30 par t s per million and for mercury 
nil. No s tandards have been laid down 
for T.M.T.D. and H.C.B. 
For the same substances the Agriculture 
Research Service of the U.S. Department 
of Agriculture exempts copper carbonate 
from its labelling restrictions, but prohibits 
the use of mercury, T.M.T.D. and H.C.B. 
in food or feedstuff's. 
According to Beck (1956), normal liver 
copper levels of sheep range from. 100 to 
400 p.p.m. The low 30 p.p.m. set by the 
Food and Drug regulations is therefore 
somewhat surprising. 
The liver copper levels obtained in these 
trials are much higher than normal. 
Although it may be considered t h a t the 
480 p.p.m. copper recorded in the control 
group is also high, this figure is close to 
the 81 to 750 p.p.m. copper range obtained 
from the livers of four healthy adult sheep 
selected at random at Muresk during 1959. 
The levels of mercury in the livers and 
kidneys of the Ceresan group ranged from 
12 to 100 p.p.m. The control group had 
no mercury in the liver but 1.3 p.p.m. in 
the kidney. Although high, these figures 
are much less than the 1,400 to 1,600 p.p.m. 
recorded by Shier et al. in the livers of 
their sheep fed Ceresan pickled wheat. 
Even the control sheep in their experiment 
yielded mercury liver levels of 30 to 50 
p.p.m. 
The levels of T.M.T.D. in tissues from 
the Fernasan group were nil or extremely 
low, but the levels of H.C.B. in the Hexa-
bunt group were quite high; the signi-
ficance of this is not easy to determine, 
as the Hexabunt control group also showed 
apparently quite high H.C.B. tissue levels. 
SUMMARY 
Sheep were fed wheat treated with four 
different fungicidal preparations, at two 
feeding rates, for 84 days. 
No visible abnormalities were noted dur-
ing this time or at post-mortem examina-
tion, although weight losses were recorded. 
Various animal tissues were chemically 
analysed for copper mercury, T.D.M.T. and 
H.C.B. The liver and kidney levels of 
mercury in particular were very high, 
where sheep were fed Ceresan pickled 
wheat. 
Whilst the feeding of pickled wheat to 
sheep appears not to be associated with 
clinical disease, the indiscriminate use of 
treated seed for feeding sheep should be 
viewed with caution and the period of time 
during which it is made available should 
be limited. In view of the tendency of 
mercury to accumulate on animal tissues, 
the use of Ceresan pickled wheat should 
be avoided. As a further precaution and 
in order to avoid any possible public 
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hea l th risk where the other pickling 
agents are concerned, it would be wise 
not to forward such stock to abattoirs for 
s laughter unt i l several months after feed-
ing of pickled wheat has been stopped. 
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LOOK FOR QUALITY IN PHENOTHIAZINE 
• FARMERS using phenothiazine should make sure they use only top quality pre-r parations. 
Phenothiazine has been the most widely 
used anthe lmint ic for the control of worms 
of sheep for t he last 10 years. Although 
recent developments in this field promise 
definite improvements in the control of 
sheep parasi t ism, phenothiazine will, no 
doubt, continue to be widely used for many 
more years. 
The drug has high efficiency against 
several of the important parasites of sheep 
and for some time should have a price 
advantage over newer anthelmintics. 
A great deal of research has been carried 
out on the properties of phenothiazine in 
recent years, st imulated by the experience 
of many users t h a t some lots of the drug 
are much less efficient t han others in 
clearing out species of worms known to 
be susceptible to it. 
It has been found t h a t the anthel -
mintic efficiency of phenothiazine depends 
to a great degree on two physical 
character is t ics: 
(1) The degree of purity, and 
(2) the degree of fineness. 
The activity of phenothiazine of 85 per 
cent, purity or more is usually satisfactory, 
while below this it is unpredictable and 
often poor. 
Fur thermore, it has been proved tha t 
the efficiency of the drug is proportional 
to the total surface area of the dose. 
Since a given mass of mater ia l increases 
its total surface area enormously as it is 
subdivided into smaller and smaller par -
ticles, the reason for the greatly increased 
anthelmintic activity of finely divided 
phenothiazine is obvious. 
/ / users wish to get predictable results 
and maximum efficiency from this valuable 
drug, they must be assured that the pro-
duct they buy has the necessary 85 per 
cent, (or more) purity and the desired 
degree of fineness in particle size. These 
are stated on the package of reputable 
brands of phenothiazine, such terms as 
"micronized," or "superfine," attesting to 
the essential property of fine particle size. 
M. R. GARDINER, 
Chief Veterinary Pathologist. 
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